Introduction
The association of megaloblastic anaemia with anticonvulsant therapy was first reported by Mannheimer et al. (1952) . Since then low serum folate levels with macrocytosis have often been reported in patients on anticonvulsant therapy, notably primidone and pheny1hydantoinates (Hawkins and Meynell, 1958; Klipstein, 1964) . The mechanism by which folate metabolism is disturbed under these circumstances is uncertain. It has been suggested that competitive inhibition occurs at some stage in the folate metabolic pathway (Girdwood and Lenman, 1956; Newman and Sumner, 1957; Herbert and Zalusky, 1962) . Dietary deficiency seems unlikely, since some of the patients have been well nourished (Hawkins and Meynell, 1958) . Nornal absorption has been found in most series with 5 mg folic acid, but with much smaller doses impaired absorption has been claimed (DahLke and MertensRoesler, 1962) .
Pteroylmonoglutamic acid is a weak acid, so that alteration of pH could have a pronounced effect on the availability of any absorbable substance within certain ranges. The studies described here investigate the effect of phenytoin sodium and sodium bicarbonate on jejunal pH and on the absorption of synthetic pteroylmonoglutamic acid in vivo.
Methods
Folic Acid Absorption Studies.-Folic acid absorption curves were obtained by estimating the serum folate activity in the fasting state and at half, one, and two hours after an oral 5-mg dose of folic acid, Lactobacillus casei being used as test organism (Herbert, 1966 (Benn and Cooke, 1970) . The intestinal intraluminal pH of the five patients on long-term treatment with phenytoin sodium, including three who had had megaloblastic anaemia, was determined at various sites. In addition, the intestinal intraluminal pH of two volunteers was studied before and during the administration of 10 g sodium bicarbonate orally. In all cases the intestinal pH studies were conducted after an overnight fast, and none of the epileptics received anticonvulsants on the day of investigation.
Results
Folic Acid Absorption Studies.-The results obtained in the folic acid absorption studies are shown in Fig. 1 . The range obtained in 15 normal control subjects is depicted, on which is superimposed the mean level for that range. Impairment of folate absorption occurred in normal controls when 5 mg folic acid was administered simultaneously with 10 g sodium bicarbonate. In the epileptic group impaired absorption of folic acid below the range of the control group was observed, and this effect was unchanged by the administration of 5 mg folic acid with 10 g sodium bicarbonate. In the normal subject pronounced impairment of folate absorption was observed at the end of the 10-day course of anticonvulsant therany. A similar effect was observed with the simultaneous administration of either 10 g sodium bicarbonate or 100 mg Garoin with the oral dose of folic acid (Fig. 2) .
Intraluminal pH Studies.-The intestinal intraluminal pH studies in five epileptics on long-term anticonvulsants is compared with the range normally encountered in control subjects in Fig. 3 . The three patients with the most alkaline intraluminal pH had had folic-acid-deficient megaloblastic obtained in two normal volunteers after the administration of doses of 10 g sodium bicarbonate are shown in Fig. 4 . In both of them sodium bicarbonate produced protracted alkalinization of the jejunal contents, and return to normal intraluminal pH was delayed.
Discussion
The site of optimal absorption has been established as the proximal jejunum both in rats (Burgen and Goldberg, 1962; Herbert and Shapiro, 1962; Yoshino, 1968) and in man (Chanarin et al., 1958; Cox et al., 1958; Chanarin and Bennett, 1962 ). Different workers have produced evidence in favour of active transport (Burgen and Goldberg, 1962; Herbert, 1967; Hepner et al., 1968) and passive diffusion (Turner and Hughes, 1962; Spencer and Bow, 1964; Yoshino, 1968) . It has been suggested that both mechanisms exist at different levels of the small bowel in the rat (Hepner, 1969 The points represent the intraluminal pH in five epileptic patients on longterm anticonvulsant therapy. Each point was taken at a time when tracing was constant for at least seven minutes. The three with the most alkaline pH had had a folic-acid-deficient megaloblastic anaemia. dissociation at varying pH, water transport, ionic flux, glucose transport, and solvent drag (Smith et al., 1970a (Smith et al., , 1970b , but since previous experimental work failed to control these factors many of the conclusions are questionable.
Pteroylmonoglutamic acid is weakly acidic and exists in solution as the neutral compound, monanion, dianion, and trianion, the relative amounts of which vary with the pH of the solution. It is extremely important, therefore, to consider which forms are concerned in any transport mechanism, and what effect the ambient pH may have on dissociation (Matty and Blair, 1968) . Studies on the transport of weakly acidic drugs across the rat intestinal wall suggest that only the neutral acid is transported and that this form is transported through the lipoid barrier (Pohland et al., 1951; Schanker et al., 1958; Hogben et al., 1959) . Furthernore, these studies showed that zones of greater acidity than that of intestinal chyme exist at the mucosal interface of the rat intestine. Such zones, or "microclimates," have a virtual pH of 5-3 in the rat when the bathing solution is at pH 7.4 (Schanker et al., 1958) , but the mechanism whereby these are procured are as yet obscure. Matty and Blair (1968) (Hoffbrand and Necheles, 1968; Rosenberg et al., 1968) , but though conjugase activity was definitely impaired by phenytoin sodium in vitro, the study was not performed at the normal intraluminal pH of the jejunum. Furthermore, impairment of conjugase activity should have no effect on the absorption of pteroylmonoglutamic acid. More recently, phenytoin has been shown to have no effect on conjugase activity with a pure C14-labelled triglutamate (Baugh and Krumdieck, 1969) . It has been claimed that the conjugase system is of minor significance since all diets when assayed in the presence of ascorbate contain adequate amounts of monoglutamate to satisfy daily body requirements (Hurdle et al., 1968) . It is probable, therefore, that some other mechanism exists whereby phenytoin inhibits the absorption of monoglutamate. Though it has been suggested that intraluminal pH changes may be of importance (Butterworth, 1968) , the role of intraluminal and juxtamucosal pH in folic acid absorption has received little attention. Studies described here emphasize the effect that such changes may have on the absorption of pteroylmQnoglutamic acid for the intraluminal pH of a group of epileptics treated with oral phenytoin sodium were more alkaline. Under these circumstances less pteroylmonoglutamic acid would be in a form suitable for absorption.
Proprietary preparations of phenytoin (Epanutin) in solution have a pH in the region of 12.0; sodium bicarbonate solution has a pH of 8-0. In our experience the effect of phenytoin sodium on pteroylmonoglutamate absorption was mimicked by the oral administration of sodium bicarbonate, and similar alterations in intraluminal pH were produced in two normal subjects. In clinical situations such alterations in the jejunum may be a significant factor in folate malabsorption. For example, in adult coeliac disease, where folate malabsorption often occurs, some untreated patients have an intraluminal jejunal pH between pH 7.5 and 8-5 (Benn and Cooke, 1970) so that dietary monoglutamate absorption is impaired sufficiently to precipitate folate deficiency.
In conclusion, evidence presented in our study suggests that changes in the bulk phase of intraluminal pH may have a profound effect on the absorption of pteroylmonoglutamic acid in epileptics and in normal subjects.
